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Introduction
A general ordinary differential equation on the real line with real polynomial coefficients can be expressed in the form ( ) ( ) ( ) ( ) ( ) ( ) ( ( ) x a n has zeros along the real line [3] . If the leading polynomial ( ) x a n has no zeros along the real line (the elliptic case), then there are a number of methods to solve such ODE's and the solutions consist of realanalytic functions (classical solutions) that is functions whose derivatives up to and including the highest order n exist. Such solutions have been studied and could, for example, be found in [9] , [3] or any other book on ordinary differential equations. Studies on the existence of polynomial solutions has been carried out by say [2] where the authors propose a new approach for investigating polynomial solutions based on elementary linear algebra. Laradji [14] considers a general n-th order linear ODE and provides the necessary and sufficient conditions for which it has a general polynomial solution. For the special case of Fuchsian ordinary differential equations the classical functions exist in general [3] .
However, if the leading term has zeros on the real line (the non-elliptic case), then the ordinary differential equation (1.1) may have singularities and such classical solutions may not exist [19] . Generalized functions that is both distributional (singular support distributions) and weak functions exist as solutions in this particular case, for example, in [10] , [11] .
For the case of weak solutions, Wiener & Shah [20] 
In this paper, we propose generalized solutions to locally Fuchsian ODE's for general values of the constants albeit using the theory on existence of distribution solutions with support on the positive halfline. This procedure involves the construction of distribitions whose well definedness is proved in [6], [4] , and [5].
Preliminaries

Locally Fuchsian differential equations
Let P denote the operator on the left hand side of (1.1 By the Fundamental theorem of algebra, we can re-write (2.2) as
is a set of distinct complex numbers and each ν t represents the multiplicity of a root and . 
Proof. We first show that the functions are zero thus the set of solutions is linearly independent. Thereby forming an m dimensional basis for the solution space to P.
Boundary value distributions ( )
Db on the real line
We state in this subsection a necessary condition for the existence of to have a boundary value ( )
defined on the real axis by the limit 
and ( ) ( ) . 
Proof. See [16] . theory on boundary value distributions can also be reviewed in [8] , [16] , [7] .
The boundary value distributions of the analytic function
( )
The function ( ) satisfy the moderate growth condition of (2.5). We re-state below a lemma which could also be found in [16] , [8] .
Lemma 2. Let k be a non-zero positive integer ( ).
th derivative of the Dirac delta function at the origin.
Proof. We note that the function
satisfies the moderate growth condition (2.5) and therefore has a boundary value distribution ( ) .
defined from the locally integrable function The distribution in (2.9) is analytic for
Applying the integration by parts formula once on the integral (2.9) gives
Applying the integration by parts formula twice successively on the integral (2.9) yields ( ) ( 
Note that the right hand side of Equation (2.10) is analytic except for simple poles at . , , 2 ,
The following theorem gives the relationship between rational function solutions and distributional solutions to an ODE. Proof. See [16] and [19] . 
Main Results
Consider the locally Fuchsian differential equation (2.2) with the The function α + x is locally integrable and depends on the parameter α therefore is a distribution for ( )
This distribution can be extended outside the set
since it is analytic elsewhere on C except at the simple poles, see [7] . The points of the set S are considered as simple poles of the resulting distribution of the form obtained in Lemma 2,
The distribution (3.2) can be normalized by an appropriate Gamma function that has the similar singularities ( )
that is entire on . with the extension that it is a Dirac measure at 0 (a consequence of Lemma 2) and ( ) ( ).
The action of ∇ and its powers on f is given by with the extension that it is zero at 0 and
The action of ∇ and its powers on f is given by
and its powers proves that f solves (3.3) in the distribution sense.
(c) For
with the extension that it is zero at 0 and
The action of ∇ and its powers on f is given by, 
The generalized solutions for a fourth order Euler ordinary differential equation
Consider the fourth order Euler differential equation: Below we state a similar theorem to Theorem 3.1 in [1] and prove it using our method. 
Conclusion
In this paper, we proved the existence of generalized solutions with support on the positive halfline for a general constant coefficient locally Fuchsian differential equation (2.2) by constructing distributions with support on the positive halfline. We notice that (3.5) is a special case of (2.2). However, one can still use the Laplace transform method as in [1] to find conditions that m should satisfy for existence of generalized solutions to (3.5) that will in general include some logarithmic terms.
